According to the 2012 report of the United Nations High Commissioner for Refugees (UNHCR), there were 15.4 million refugees worldwide. Besides the inevitable socioeconomic and cultural transitions during immigration, 1 refugees commonly experience traumatic or stressful events including imprisonment, violence, torture, and exile. These experiences and the stress of acculturation to a new environment make
INTRODUCTION
somnia is a very frequent symptom of depressive disorder or post-traumatic stress disorder (PTSD), which are common in refugees. 9, 10 However, studies on insomnia in refugees are limited. One study reported a high incidence (44%) of insomnia in internally displaced people, 8 which was closely related to war-related stress and depressive mood. However, insomnia in other refugee populations such as North Koreans has not been investigated.
In the present study, we examined the prevalence and clinical characteristics of insomnia in North Korean refugees. To the best of our knowledge, this is the first study regarding insomnia in North Korean refugees. We hypothesized that insomnia would be more common in North Korean refugees than in South Koreans and that North Korean refugees' insomnia would be closely related to psychiatric symptoms and prior traumatic experiences.
METHODS

Subjects
A total of 177 North Korean refugees living in South Korea (48 males, 129 females; 38.22±12.24 years of age) and 315 native South Koreans (112 males, 203 females; 39.48±10.32 years of age) were recruited by advertisements and participated in the current study.
The mean time between the first departure from North Korea and study participation among North Korean refugees was 7.13±3.86 years. The mean time spent in countries other than North or South Korea during defection was 2.65±3.69 years, and the mean time of settlement in South Korea was 4.09±2.57 years. The study protocol was approved by the Institutional Review Board of Myeongji Hospital, Kwandong University. Following a complete description of the study, written informed consent was obtained from all participants.
Insomnia assessment
The presence or absence of insomnia was determined through a self-reported questionnaire regarding sleep experiences over the previous month including 1) difficulty initiating sleep, 2) difficulty maintaining sleep, and 3) early awakening and difficulty resuming sleep. 11, 12 Based on the diagnostic criteria of the International Classification of Diseases-10 (ICD-10), participants experiencing at least one of the three types of insomnia (initial, maintenance, and terminal) ≥3/week were classified as having significant insomnia.
Assessments of depressive symptoms
To measure depressive symptoms, the Korean version of the Center for Epidemiological Studies-Depression Scale (CES-D) was administered to both North Korean refugees and South Korean participants. 13 Because the Korean version tends to be scored higher than the comparable English version, despite its high reliability and validity, subjects with a CES-D score of 21 or greater were defined as having depressive symptoms based on a previous study using the Korean version of CES-D. 13 
Assessments of traumatic events and PTSD symptoms
The Trauma Exposure Check List for North Korean Refugees was used for assessing previous exposures to traumatic events in North Korea. 14, 15 The self-report instrument inquires whether respondents were exposed to any of the 13 types of traumatic events during residency in North Korea or to any of 16 types of traumatic events during defection prior to their arrival in South Korea. The traumatic events in the questionnaire include torture, severe battery, life-threatening starvation/cold/accidents, rape, human trafficking, arrest, imprisonment, and witnessing killing. The North Korean refugees in the present study had experienced a mean of 6.73±4.87 traumatic events.
The Impact of Event Scale-Revised (IES-R) was used to assess PTSD symptoms in North Korean refugees. The IES-R consists of 22 questions assessing the subjective response to a specific traumatic event in terms of the typical PTSD symptoms, i.e., intrusion (re-experience), avoidance, and hyperarousal. 16 Five additional questions were added to the original version of IES, 17 as it did not measure hyperarousal. In previous research, 18 subjects with an IES-R score of 25 or greater were defined as having significant PTSD symptoms. The Trauma Exposure Check List and IES-R were administered only to North Korean refugees and not to South Koreans.
Statistical analyses
Group differences in demographic variables involving continuous data were evaluated using independent t-tests or ANOVA. Between-group comparisons involving categorical data were assessed using the chi-square test. Additionally, ANCOVA with age and gender as covariates was performed to examine between-group differences. To investigate the determinants of insomnia in North Korean refugees, multiple logistic regression analysis (dependent variable: presence/absence of significant insomnia; independent variables: age, gender, number of previous traumatic events, CES-D and IES-R scores) was also performed. A two-tailed alpha of <0.05 was considered to indicate statistical significance, and SPSS version 16.0 for Windows software was used for all computations.
RESULTS
Comparison between North Korean refugees and South Koreans
The demographic and clinical data are presented in Table 1 . Differences in age between North Korean refugees and South Koreans were not significant, although the proportion of females was higher in North Korean refugees (χ 2 =3.3, p=0.07). CES-D scores of North Korean refugees were higher compared with those of South Koreans (t=10.83, p<0.001), and significant depressive symptoms were also more common in North Korean refugees than in South Koreans (46.33% vs. 10.16%, χ 2 =81.26, p<0.001). Clinically significant insomnia was more common in North Korean refugees than in South Koreans (38.42% vs. 8.89%, χ 2 =61.05, p<0.001), and this was true of all three types of insomnia (initial, maintenance and terminal) (χ 2 =46.24, p<0.001; χ 2 =44.48, p<0.001; χ 2 =45.85, p<0.001, respectively). Furthermore, North Koreans refugees were more likely to show symptoms of both depression and insomnia (28.25% vs. 3.17%, χ 2 =64.22, p<0.001). Among North Korean refugees, 71 participants (40.11%) had significant PTSD symptoms, and 45 subjects (25.42%) had both PTSD and insomnia.
In order to find out the most common type of trauma inducing PTSD symptoms in North Korean refugees, backward multiple regression model was conducted (dependent variables: IES-R score, independent variables; 29 types of traumatic events for North Korean refugees). Four events significantly and independently predicted higher IES-R score; 1) lifethreatening starvation in North Korea (beta=0.22, p<0.001), which was experienced by 46.33% of refugees, 2) life-threatening accidents in North Korea (beta=0.26, p<0.001), which was experienced by 18.08% of refugees, 3) severe battery during defection (beta=0.17, p<0.01), which was experienced by 20.90% of refugees, and 4) human trafficking during defection (beta=0.32, p<0.001), which was experienced by 16.38% of refugees. 
Depression and PTSD symptoms in subjects with and without insomnia
When study subjects were divided into four groups based on origin and insomnia (i.e., North Korean refugees without and North Korean refugees with insomnia, South Koreans without and South Koreans with insomnia), the CES-D scores (F=99.76, p<0.001) and the proportion of subjects with depressive symptoms (χ 2 =140.45, p<0.001) were significantly different among the groups (Table 2) . Post hoc analysis showed that the CES-D scores of North Korean refugees with insomnia were significantly higher than those for the other three groups, and that the CES-D scores of South Koreans without insomnia were significantly lower than those of the other groups. North Korean refugees with insomnia had experienced a larger number of traumatic events, on average (t=3.90, p<0.001) and had higher IES-R scores (t=6.74, p< 0.001) compared with those without insomnia. North Korean refugees with insomnia were more likely to have clinically significant PTSD symptoms than those were without insomnia (66.18% vs. 23.85%, χ 2 =29.49, p<0.001). When age and gender were controlled, similar results were observed.
Insomnia and PTSD symptoms in subjects with and without depression
Study subjects were divided into four groups based on origin and depression (i.e., North Korean refugees without and North Korean refugees with depression, South Koreans without and South Koreans with depression) ( Table 3 ). The proportion of subjects with insomnia was significantly different (χ 2 =109.17, p<0.001) among groups. Clinically significant insomnia was more common in North Korean refugees with depression than in North Korean refugees without depression and South Koreans with depression. South Koreans with depression were more likely to have insomnia than were South Koreans without depression, and North Korean refugees with depressive symptoms had experienced a larger number of traumatic events (t=4.67, p<0.001) and showed higher IES-R scores (t=8.74, p<0.001) than non-depressive North Korean refugees. North Korean refugees with depression more often had clinically significant PTSD symptoms compared with those without depression (χ 2 =41.05, p<0.001).
Insomnia and depression in subjects with and without PTSD symptoms
When North Korean refugees were divided into those with and those without PTSD symptoms, clinically significant insomnia (χ 2 =29.49, p<0.001) and depressive symptoms (χ 2 = 45.90, p<0.001) were more common in those with PTSD than those without it (Table 4) , and CES-D scores were higher in North Korean refugees with PTSD than in those without it. When North Korean refugees were divided into 4 groups based on the presence/absence of significant depressive or PTSD symptoms, seventy-nine (44.63%) had neither depressive nor PTSD symptoms. Twenty-seven (15.25%) had only depressive symptoms without significant PTSD symptoms, while sixteen (9.04%) had only PTSD symptoms without significant depressive symptoms. Fifty-five (31.07%) had both depressive and PTSD symptoms. The proportion of subjects with insomnia was significantly different (χ 2 =42.63, p<0.001) among groups. The proportion of significant insomnia was higher in those with both depression and PTSD (n=39, 70.91%) than other 3 groups. The clinically significant insomnia was less common in those without depression and PTSD (n=16, The time of settlement in South Korea did not significantly correlate with IES-R or with CES-D score. There was no difference of time of settlement in South Korea between those with and without clinically significant insomnia. When divided into those who settled in South Korea within 3 years and those whose settlement was more than 3 years, there were no significant differences in IES-R score, CES-D score and the proportion of insomnia between groups.
DISCUSSION
The present study investigated the prevalence of insomnia and its clinical characteristics in North Korean refugees. Insomnia was more common in North Korean refugees than in South Koreans. Among North Korean refugees, those with insomnia were more likely to have depressive and PTSD symptoms. When insomnia was present, North Korean refugees were more likely to have depression compared with South Koreans.
In agreement with our primary hypothesis, insomnia was significantly more common in North Korean refugees than in native South Koreans. Although few studies on insomnia among refugees have been conducted, one previous study reported that the incidence of insomnia in a refugee group was 41.4%, 8 similar to 38.4% in the current study. A higher incidence of all subtypes of insomnia (i.e., initial, maintenance, and terminal insomnia) was found among North Korean refugees than among South Koreans. Our study suggests that the previous experiences and/or the current situation of refugees may be related to elevated nocturnal arousal throughout the night.
Our second hypothesis was that insomnia in North Korean refugees was closely related to psychiatric symptoms. As in prior studies on the mental health of North Korean refugees, 19, 20 these refugees exhibited depressive symptoms more often than did native South Koreans. The incidence of combined insomnia and depression was also higher in North Korean refugees. Insomnia was more strongly related to depression in North Korean refugees than in South Koreans, and insomnia was correlated with significant depressive symptoms among these refugees. The findings in the current study suggest insomnia in North Korean refugees is likely to be comorbid with or secondary to depression rather than independent of it.
Additionally, insomnia among North Korean refugees was associated with traumatic experiences or PTSD symptoms. Prior studies on North Korean refugees have reported a very high prevalence of PTSD, 21 as many North Korean refugees have been exposed to traumatic life events. 22 In the current study, North Korean refugees with insomnia were more likely to have experienced traumatic events and were more likely to show symptoms of intrusion, avoidance, and hyperarousal compared with those without insomnia. Similarly, North Korean refugees with PTSD symptoms were more likely to have insomnia than were those without. Our study suggests that the refugee insomnia may develop due to traumatic experiences and may be associated with PTSD. The current study suggests that refugees' insomnia may indicate psychiatric disorders such as depressive disorder or PTSD. Many refugees tend to complain more about their somatic or physiological symptoms than about mental or psychological symptoms. 23, 24 North Korean refugees have also been reported to have tendencies toward somatization and alexithymia, which are related to psychiatric problems. 14, 15 Furthermore, refugees usually come from countries where the concept of psychiatric disorders is unfamiliar or stigmatized, as is the case in North Korea. 4 Some items of questionnaires describing more abstract theme may be misunderstood by North Korean refugees. Some item of CES-D regarding social isolation or comparison with others may reflect the reality of prejudice commonly experienced by North Korean refugees. However, insomnia is a definite symptom that can hardly be misunderstood. Therefore, many refugees may complain only of insomnia without voluntarily admitting their psychological distress. However, in the current study, depression and PTSD were very common in refugees with insomnia. Clinicians in sleep clinics should pay attention to masked depression or PTSD, even when refugees complain only of insomnia without reporting other psychiatric symptoms.
The present study had several limitations. First, the PTSD symptoms of South Koreans could not be assessed, as the traumatic events most North Korean refugees underwent were rarely experienced by ordinary South Koreans. A previous study reported that the prevalence of PTSD was only 1.7% in South Korea, 25 whereas that among North Korean refugees was as high as 56%. 21 The prevalence of PTSD in refugees resettled in western countries were reported as 9% in a review. 26 Secondly, we could not evaluate changes in insomnia and other psychiatric symptoms longitudinally. Whether the insomnia pre-dated or followed the onset of depression or PTSD in North Korean refugees remains unclear. Longitudinal study was also needed for investigating the change of PTSD symptoms, depression and insomnia during early settlement period in South Korea. Thirdly, other psychiatric problem including suicidal idea or substance abuse, which are closely related to sleep or insomnia was not assessed in the current study. Finally, assessments of insomnia, depression, and PTSD were all based on self-report. Structured psychiatric diagnostic interviews and objective measures of sleep such as polysom-nography might improve the strength of this study.
In the current study, we investigated insomnia among North Korean refugees and found that it was very common in this group. Insomnia was related to a greater likelihood of psychiatric symptoms such as depression and PTSD. Our study suggests that sleep physicians should pay attention to hidden or underdiagnosed psychiatric disorders when refugees complain of insomnia.
